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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve efficiency in switching power 
supply unit. 

SOLUTION: A switching power supply unit includes a switch M1 in 
which an input voltage Vin is applied, a coil L connected with the 
switch M1, and an output capacitor Cout connected with the output 
terminal. A dividing circuit 1 divides the output voltage Vout and 
generates a voltage feed-back signal Vfb. An air amplifier 2 generates 
a current instruction signal Iinst based on the voltage feed-back 
signal Vfb. A current approximating circuit 3 generates a coil current 
approximating value lap by using a voltage feed-back signal Vfb. The 
switch M1 is controlled according to the current command signal Iinst 
and the coil current approximating value lap. 
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l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the circuit and approach of detecting a coil 

current indirectly in switching power supply equipment. 

[0002] 

[Description of the Prior Art] Conventionally, many switching power supply equipments which 
have a coil and a capacitor in an output circuit are known. As this kind of switching power 
supply equipment, a DC to DC converter is a typical example, for example. 
[0003] DrawinR 5 is the block diagram of an example of existing switching power supply 
equipment. Here, the DC to DC converter of a pressure-lowering mold is shown. This DC to DC 
converter detects output voltage and a coil current, and holds output voltage to a fixed value by 
controlling switches Ml and M2 as a feedback signal using them. 

[0004] Output voltage is detected using the resister network connected to the output terminal. 
Moreover, a coil current is the sense (here, it connects with Coil L in serial) resistance Rs 
inserted in the path for which principal current flows. It is detected using the voltage drop which 
can be set. In addition, even the purpose for which a coil current supervises an overcurrent may 
be detected. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, a coil current is the sense 
resistance Rs generally inserted in the path for which principal current flows. It is detected using 
the voltage drop which can be set. Although it is natural at this time, it is this sense resistance Rs. 
It sets and loss occurs. Therefore, decline in the effectiveness of the whole switching power 
supply equipment will be caused. 

[0006] In addition, the electronic equipment (for example, note type personal computer etc.) 
driven with a dc-battery is spreading in recent years. By these electronic equipment, it has been 
one technical problem to lengthen dc-battery drive time amount. For this reason, especially the 
thing for which the effectiveness of the power unit carried in these electronic equipment is raised 
is important. 

[0007] The technical problem of this invention is solving an above-mentioned problem, and is 
raising the effectiveness of switching power supply equipment. Moreover, other technical 
problems of this invention are searching for a coil current in the switching power supply 
equipment which has a coil and a capacitor in an output circuit, without detecting directly. 
[0008] 

[Means for Solving the Problem] The switching power supply equipment of this invention is a 
configuration containing the switch with which input voltage is impressed, the coil which were 
connected to the switch, and the capacitor which were connected to the output terminal, and has 
the current approximation circuit which searches for the current which flows through the above- 
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mentioned coil based on the value which differentiated output voltage and its output voltage, and 
the control circuit which control the above-mentioned switch using the coil current searched for 
by the current approximation circuit. 

[0009] In the switching power supply equipment of the above-mentioned configuration, a coil 
current is searched for based on the value which differentiated output voltage and its output 
voltage rather than is detected directly. For this reason, the loss generated in case a coil current is 
searched for becomes small, 

[0010] The above-mentioned current approximation circuit (current detector) has the output 
current detector which searches for the output current corresponding to the output voltage of the 
switching power supply equipment concerned based on the correspondence relation between the 
output voltage of the switching power supply equipment concerned currently called for 
beforehand, and the output current, the differential circuit which differentiates the output voltage 
of the switching power supply equipment concerned, and the coil current detector which searches 
for the current which flows through the above-mentioned coil based on the output of the above- 
mentioned output current detector and the above-mentioned differential circuit. 
[001 1] The coil current in switching power supply equipment can be divided into a dc 
component and an alternating current component. And the dc component of a coil current is in 
agreement with the output current of the switching power supply equipment concerned in 
general. Here, when the correspondence relation between the output voltage of the switching 
power supply equipment concerned and the output current is called for beforehand, the output 
current can be searched for by detecting output voltage. Therefore, it can ask for the dc 
component of a coil current based on output voltage. On the other hand, the alternating current 
component of a coil current is in agreement with the current which flows into the above- 
mentioned capacitor in general. Here, an integral of the current which flows into this capacitor 
obtains the both-ends electrical potential difference of that capacitor. Moreover, the both-ends 
electrical potential difference of this capacitor is substantially the same as the output voltage of 
the switching power supply equipment concerned. Therefore, it can ask for the alternating 
current component of a coil current based on the value which differentiated output voltage. That 
is, a coil current can be searched for based on the value which differentiated the output voltage of 
switching power supply equipment, and its output voltage. 
[0012] 

[Embodiment of the Invention] Hereafter, it explains, referring to a drawing about the operation 
gestalt of this invention. Drawing 1 is the block diagram of the switching power supply 
equipment of 1 operation gestalt of this invention. Here, the DC to DC converter of a pressure- 
lowering mold is taken up as an example. 

[0013] The DC to DC converter shown in drawing 1 is output voltage Vout. And coil current IL 
It is output voltage Vout, detecting and using them as a feedback signal. It holds to a fixed value, 
however, coil current IL in the path (path which goes to an output terminal from Coil L) for 
which principal current flows, it detects directly — not having - the after-mentioned -- the 
current approximation circuit 3 explained in detail asks. Hereafter, the configuration and 
actuation of this DC to DC converter are explained. 

[0014] Input voltage Vin is impressed and 1 set of switches Ml and M2 are driven by turns 
according to the condition of a flip-flop 5. In addition, it is also possible to use diode instead of a 
switch M2. In this case, diode is formed so that that cathode may connect with a switch Ml . 
[0015] It connects with switches Ml and M2, and Coil L accumulates energy. Output capacitor 
Cout The current supplied to a load is graduated. Namely, output capacitor Cout It is the coil 
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current IL from the current which a load requires. The current which accumulates a charge 
superfluous when the direction is large, and a load requires is the coil current IL. The 
accumulated charge is emitted when large. In addition, Coil L and the output capacitor Cout The 
output circuit of this DC to DC converter is constituted. 

[0016] The partial pressure circuit 1 is a resister network containing two or more resistors, and 
pressures partially output voltage Vout (potential of an output terminal). In addition, the output 
of the partial pressure circuit 1 is output voltage Vout. It is the signal to express and, below, this 
signal will be called "the electrical-potential-difference feedback signal Vfb." 
[0017] The error amplifier 2 is the electrical-potential-difference feedback signal Vfb and the 
reference voltage Vref decided beforehand. It is given and the signal for making these mutually 
in agreement is outputted. The output of the error amplifier 2 is a signal which directs the current 
(or the coil current IL) which should be supplied to a load, and, below, is carried out to calling 
this signal "the current command value signal Iinst." 

[0018] The electrical-potential-difference feedback signal Vfb is given, and the current 
approximation circuit 3 searches for the current which is probably flowing in Coil L based on 
this signal. The output of the current approximation circuit 3 is the coil current IL. It is 
approximate value (estimate) and, below, this approximate value will be called "the coil current 
approximate value lap." In addition, about the concrete configuration of the current 
approximation circuit 3, it mentions later. 

[0019] A comparator 4 compares the current command value signal Iinst outputted from the error 
amplifier 2 with the coil current approximate value lap outputted from the current approximation 
circuit 3. Thereby, it is the coil current IL. Output voltage Vout It is detected whether it was 
based and the decided current command value was reached. 

[0020] A flip-flop 5 holds the condition for controlling 1 set of switches Ml and M2. That is, a 
switch Ml is controlled for the period when the flip-flop 5 holds the set condition by the ON 
state, and a switch M2 is controlled by the OFF state. In this case, coil current IL It goes up 
almost linearly. On the other hand, a switch Ml is controlled for the period when the flip-flop 5 
holds the reset condition by the OFF state, and a switch M2 is controlled by the ON state. In this 
case, coil current IL It decreases almost linearly. 

[0021] The output of a single-shot trigger circuit 6 is given to the set terminal of a flip-flop 5, 
and the output of a comparator 4 is given to a reset terminal. And detection of that the coil 
current IL became larger than the above-mentioned current command value resets a flip-flop 5. 
Moreover, a single-shot trigger circuit 6 is the coil current IL. If having become larger than the 
above-mentioned current command value is detected, after a fixed period passes, a flip-flop 5 
will be set. 

[0022] Thus, it sets to this DC to DC converter, and is the coil current IL. Output voltage Vout It 
is based, the decided current command value is compared, and it is based on that comparison 
result, and is output voltage Vout. It is controlled. An important thing is a point a coil current is 
searched for by the current approximation circuit 3 rather than is directly detected in the path for 
which principal current flows here. 

[0023] By the way, output voltage Vout of a DC to DC converter By above-mentioned control, it 
is drawing 2 (a). It is held at the fixed value so that it may be shown. However, it is output 
voltage Vout in fact. Drawing 2 (b) Changing slightly according to the output current lout 
(current supplied to a load) is known so that it may be shown. Specifically, it is the output 
current lout. It is output voltage Vout, so that it is small. It becomes high and is the output 
current lout. It is output voltage Vout as it becomes large. It falls. In addition, the output current 
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lout Output voltage Vout It can ask for correspondence relation by an experiment or simulation. 
Moreover, output voltage Vout Generally the fluctuation range is fully small compared with the 
electrical-potential-difference value held by the DC to DC converter. 

[0024] The current approximation circuit 3 is output voltage Vout by using this property. It is 
based and the approximate value of a coil current is calculated. Hereafter, how to calculate the 
approximate value of a coil current is explained. 
[0025] Coil current IL Following (1) It is expressed by the formula. 

IL =Iout +Ic ... (1) — in addition, "Ic" is shown in drawing 1 — as — output capacitor Cout The 
current flowing in is expressed. Moreover, the output current lout Coil current IL It is equivalent 
to a dc component and is the capacitor current Ic. Coil current IL It is equivalent to an alternating 
current component. 

[0026] Output current lout Drawing 2 (b) The shown relation is used and it is output voltage 
Vout. It bases and asks, here ~ output voltage Vout The output current lout a proportional thing - 

- assuming — output voltage Vout at the time of output current lout =0 if it places with "Vmax" - 

- the output current lout the following — (2) It is expressed by the formula. In addition, "m" is a 
proportionality constant. 

[0027] 

lout m (Vmax-Vout) ... (2) — on the other hand — capacitor current Ic Output voltage Vout It 
asks based on the value which carried out time amount differential. Namely, output capacitor 
Cout Capacitor current Ic Since it charges, it is the output capacitor Cout. A both-ends electrical 
potential difference is the capacitor current Ic. It is obtained by finding the integral. Here, it is the 
output capacitor Cout. A both-ends electrical potential difference is output voltage Vout 
substantially. It is the same. Therefore, capacitor current Ic Output voltage Vout It is obtained by 
carrying out time amount differential. Namely, capacitor current Ic Following (3) It is expressed 
by the formula. In addition, "k" is a proportionality constant. 
[0028] 

Ic =k dVout/dt ... (3), therefore coil current IL Following (4) A formula can express. 
IL m( Vmax- Vout) +k (dVout/dt) ... (4) - such - coil current IL Output voltage Vout And the 
output voltage Vout It can ask based on the value which carried out time amount differential. 
Therefore, it sets to drawing 1 and is output voltage Vout in the current approximation circuit 3. 
The electrical-potential-difference feedback signal Vfb to express is given. 
[0029] Drawing 3 is the circuit diagram of an example of the current approximation circuit 3. A 
differential circuit 1 1 generates "k- (dVout/dt)" by differentiating the electrical-potential- 
difference feedback signal Vfb. Here, a proportionality constant k is resistance Rl. Resistance 
and capacitor CIA product with capacity is determined. 

[0030] The partial pressure circuit 12 is a resister network, and generates "m-Vout" by pressuring 
partially the electrical-potential-difference feedback signal Vfb. In addition, Constant m is 
determined by the ratio of the resistance of two or more resistors which constitute the partial 
pressure circuit 12. 

[0031] A subtracter circuit 13 outputs the difference of the electrical potential difference given to 
an inversed input terminal and the electrical potential difference given to a non-inversed input 
terminal as coil current approximate value lap. Here, "k- (dVout/dt)" generated by the 
differential circuit 1 1 and "m-Vmax" generated by the voltage source 14 are given to an inversed 
input terminal. On the other hand, "m-Vout" generated by the partial pressure circuit 12 is given 
to a non-inversed input terminal. Consequently, a subtractor circuit 13 is the above (4) as coil 
current approximate value lap. The value shown in the formula is outputted. 
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[0032] Thus, in the DC to DC converter of this operation gestalt, a coil current is searched for 
based on output voltage rather than is directly detected in the path for which principal current 
flows. For this reason, the loss generated in order to detect a coil current becomes small, and, 
thereby, its effectiveness of a DC to DC converter improves. In addition, since a big current does 
not flow in the current approximation circuit 3, the loss generated in the current approximation 
circuit 3 is small. 

[0033] In addition, as for the DC to DC converter shown in drawing 1 , the actuation may 
become unstable at a power up. That is, a power up is output voltage Vout. Since it is low, the 
coil current approximate value lap generated by the current approximation circuit 3 at the period 
may become large beyond the need (refer to the above-mentioned (4) formula). And if the value 
of the coil current approximate value lap becomes large, the output of a comparator 4 will be set 
to "H" and, as for a flip-flop 5, a reset condition will be held. Consequently, since a switch Ml is 
controlled by the OFF state, it is the coil current IL. It cannot be made to increase. 
[0034] As an approach of solving this problem, it is a power up to the output voltage Vout, for 
example. How to prepare the function regulated so that a flip-flop 5 may not be reset can be 
considered at a fixed period until it goes up on predetermined level. This function grounds the 
non-inversed input terminal of a comparator 4 to the power up, and can be realized by forming a 
switch which connects that terminal to the current approximation circuit 3 after predetermined 
time progress. The example of this function is shown in drawing 4 . In drawing 4 , the power up 
of Switch S is a closed state. Moreover, a timer circuit 21 controls Switch S in the open 
condition, when predetermined time has passed since the powering on. 
[0035] In addition, in the above-mentioned example, although the DC to DC converter of a 
pressure-lowering mold was taken up, this invention is not limited to this and can be applied to 
the switching power supply equipment (a battery charger is included) which contains a coil and a 
capacitor in an output circuit. 

[0036] Moreover, in order to supervise an overcurrent, you may make it search for a coil current, 
although the coil current is searched for in the above-mentioned example in order to control 
output voltage in the switching power supply equipment of a current control mold, hi this case, a 
comparison compares the threshold set up so that a switch might not be destroyed by the 
overcurrent produced by short-circuit of a load etc., and the output of a current approximation 
circuit, and when judged with an overcurrent, you may constitute so that a reset signal may be 
outputted. In addition, when aiming at the monitor of an overcurrent, switching power supply 
equipment does not need to be a current control mold. 
[0037] 

[Effect of the Invention] Since the loss at the time of detecting a coil current in switching power 
supply equipment becomes small according to this invention, the effectiveness of switching 
power supply equipment improves. 



CLAIMS 



[Claim(s)] 

[Claim 1] The switching power supply circuit which has the current approximation circuit which 
is switching power supply equipment containing the switch with which input voltage is 
impressed, the coil connected to the switch, and the capacitor which were connected to the 
output terminal, and searches for the current which flows through the above-mentioned coil 
based on the value which differentiated output voltage and its output voltage, and the control 
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circuit which control the above-mentioned switch using the coil current searched for by the 
current approximation circuit. 

[Claim 2] The switch with which input voltage is impressed, the coil connected to the switch, 
And it is the current detector which searches for the current which flows through the above- 
mentioned coil in the switching power supply equipment containing the capacitor connected to 
the output terminal. The output current detector which searches for the output current 
corresponding to the output voltage of the switching power supply equipment concerned based 
on the correspondence relation between the output voltage of the switching power supply 
equipment concerned currently called for beforehand, and the output current, The current 
detector which has the differential circuit which differentiates the output voltage of the switching 
power supply equipment concerned, and the coil current detector which searches for the current 
which flows through the above-mentioned coil based on the output of the above-mentioned 
output current detector and the above-mentioned differential circuit. 

[Claim 3] The control approach of the switching power supply equipment which is the approach 
of controlling the switching power supply equipment containing the switch with which input 
voltage is impressed, the coil which were connected to the switch, and the capacitor which were 
connected to an output terminal, and contains the step which searches for the current which flows 
through the above-mentioned coil based on the value which differentiated output voltage and its 
output voltage, and the step which control the above-mentioned switch using the coil current 
searched for by the above-mentioned step. 

[Claim 4] The switch with which input voltage is impressed, the coil connected to the switch, 
And it is the approach of detecting the current which flows through the above-mentioned coil in 
the switching power supply equipment containing the capacitor connected to the output terminal. 
The step which searches for the output current corresponding to the output voltage of the 
switching power supply equipment concerned based on the correspondence relation between the 
output voltage of the switching power supply equipment concerned currently called for 
beforehand, and the output current, The current detection approach of having the step which 
differentiates the output voltage of the switching power supply equipment concerned, and the 
step which searches for the current which flows through the above-mentioned coil based on each 
result by the two above-mentioned steps. 
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